Several studies have shown that women with pre-existing diabetes mellitus have significantly lower pregnancy-associated plasma protein-A levels than those without. This study aimed to evaluate whether first-trimester pregnancyassociated plasma protein-A multiple of median is associated with gestational diabetes mellitus in Chinese pregnant women.
ORIGINAL ARTICLE significant reduction in pregnancy-associated plasma protein-A multiple of median (median, interquartile range: 0.86, 0.57-1.23 vs 0.99, 0.67-1.44; P=0.11). Pregnancy-associated plasma protein-A and glycosylated haemoglobin levels were not correlated in women with gestational diabetes (r=0.027; P=0.74).
Conclusions:
Chinese women with non-insulindependent gestational diabetes did not exhibit significant changes to pregnancy-associated plasma protein-A multiple of median nor a correlation between pregnancy-associated plasma protein-A with glycosylated haemoglobin levels. Pregnancyassociated plasma protein-A multiple of median was not predictive of non-insulin-dependent gestational diabetes or early onset of gestational diabetes. There was a high prevalence of gestational diabetes in the Chinese population. 
Introduction
Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance of any degree that starts or is first recognised during pregnancy. 1 The prevalence of GDM in pregnant women varies widely in different populations and is highly dependent on the screening and diagnosis strategies that are used. 2 In the 1990s, the prevalence of GDM in Hong Kong was approximately 14.2%. 3 Studies in China and the United States show that the incidence of GDM has been increasing in recent years, 4, 5 thus increasing the risk of complications for both mother and child during pregnancy, childbirth, and beyond. 6 Notably, it is reported that high first-trimester glucose levels are associated with an increased risk of a diagnosis of GDM later in pregnancy and adverse pregnancy outcome. 7 This suggests that women who will develop GDM can exhibit metabolic alterations early in pregnancy. Thus, it is of interest to determine whether pregnant women who develop GDM exhibit changes to first-trimester biochemical markers. If so, such markers can allow early detection and treatment of women at risk of GDM, and thus reduce the associated morbidity. 8, 9 In Hong Kong, all women undergo firsttrimester screening for Down syndrome using a combination of maternal age, maternal free β-human chorionic gonadotrophin (β-HCG), pregnancy-associated plasma protein-A (PAPP-A), and fetal nuchal translucency (NT) thickness at 11-13+6 weeks of gestation. Studies have shown that low free β-HCG and PAPP-A levels in the first trimester are associated with pregnancy complications. 10, 11 In particular, low PAPP-A levels are significantly associated with spontaneous fetal loss, low-birth-weight babies, intra-uterine growth restriction, pregnancy-induced hypertension, preeclampsia, preterm rupture of membranes, and placental abruption. [12] [13] [14] Several studies have shown that women with pre-existing diabetes mellitus (DM) have significantly lower PAPP-A levels than those without DM. 11, [15] [16] [17] [18] Besides, PAPP-A levels in non-pregnant individuals with type 2 DM correlate inversely with glycosylated haemoglobin (HbA1c) levels. 19 These observations suggest that PAPP-A levels may reflect the degree of glycaemic control. Studies of PAPP-A levels in patients with GDM have yielded conflicting results, however. In addition, such studies in Chinese women, who are well known to have a high prevalence of GDM, have not been performed.
The primary objective of this study was to investigate whether Chinese women with GDM exhibit changes in PAPP-A multiple of median (MoM) in the first trimester. The secondary objectives were to investigate whether PAPP-A level was an independent predictor of GDM, especially for early onset of GDM; whether PAPP-A MoM correlated with glycaemic control in women with GDM; and the prevalence of GDM in the Chinese population.
Methods
This prospectively collected case series was conducted between April and July 2014 at the obstetric unit of Pamela Youde Nethersole Eastern Hospital, which is a public tertiary care hospital in Hong Kong. Ethical approval for the study was obtained from the local institutional human research ethics committee.
All consecutive Chinese women with a singleton pregnancy who attended the hospital for their first antenatal visit (before 14 weeks of gestation) during the recruitment period were invited to participate in this study. Written informed consent was obtained from all women who agreed to participate. Women with a multiple pregnancy, pre-existing DM, chronic disease (eg renal disease, hypertension, connective tissue disease), miscarriage, termination of pregnancy, a fetus with a chromosomal or congenital abnormality, or preterm delivery before an oral glucose tolerance test (OGTT) could be performed were excluded.
Universal first-trimester Down syndrome screening was performed using fetal NT and maternal biochemistry. The ultrasound machine used was the Voluson E8 Expert (GE Healthcare, Fairfield [CT], US) or iU22 (Philips Medical System, Bothell [WA], US) equipped with a 3-5 MHz convex/ broadband transducer. To determine crown rump length and NT thickness, the protocols outlined by the Fetal Medicine Foundation were followed. 20 The serum levels of free β-HCG and PAPP-A were measured by the DELFIA Xpress analytical platform (PerkinElmer Life Sciences, Turku, Finland). Multiple of median was adjusted for maternal weight and ethnicity. Down syndrome risk was calculated using the Alpha software (Logical Medical Systems, London, UK).
The demographic and clinical data were routinely collected by an obstetrician during the first antenatal visit and were entered into the hospital electronic system (antenatal record system). Maternal weight, height, and blood pressure were measured and body mass index (BMI) was calculated.
All women who had one or more risk factors for the development of GDM, such as advanced maternal age (≥35 years), previous GDM, family history of DM (first-degree relative with DM), a previous macrosomic baby (≥4.0 kg), an unexplained stillbirth, significant glycosuria, or obesity (BMI ≥25 kg/m 2 ) underwent an early 75-g OGTT after the initial visit. The OGTT results were interpreted according to the World Health Organization (WHO) 1999 criteria. 21 Gestational DM was diagnosed if the fasting blood glucose level was ≥7.0 mmol/L or if the 2-hour OGTT blood glucose level was ≥7.8 mmol/L. All low-risk women and those with normal early OGTT results underwent universal 75-g OGTT screening at around 28 to 30 weeks. Women with a diagnosis of GDM underwent a further blood test 2 to 3 weeks after the initial diagnosis to determine HbA1c level. They were also given dietary and exercise advice and encouraged to perform daily capillary blood glucose monitoring before and 2 hours after a meal. If the pre-and post-meal glucose levels frequently exceeded 6.0 and 7.8 mmol/L, respectively, the women were prescribed insulin. All participating women received routine antenatal care until delivery according to our department protocol.
All statistical analyses were performed using PASW Statistics 18, Release Version 18.0.0 (SPSS Inc, 2009, Chicago [IL], US). Categorical data were analysed using the Chi squared test or Fisher's exact test, depending on the data distribution. For continuous variables with a normal distribution, the independent t test was used. For continuous data with a highly skewed distribution, a non-parametric test (ie Mann-Whitney U test) was used.
Sample size was calculated based on two assumptions. First, about 25% of the population Normal early OGTT* screened will have GDM, according to a previous local study 22 and our departmental annual audit. Second, there was a 10% difference in PAPP-A MoM between a GDM and non-GDM group, according to a previous published series. 23 Based on these assumptions, a total sample size of 380 cases with 95 cases in the GDM group and 285 cases in the non-GDM group were required for a type 1 error of 0.05, power of 80%, and standard deviation of 0.3 in both groups.
Results
The study sample is summarised in the Figure. In total, 520 women participated in the study of whom 157 (30.2%) underwent early OGTT. Indications for early OGTT are summarised in Table 1 . Overall, GDM was diagnosed in 169 women. Among them, 43 (25.4%) had an early diagnosis of GDM. All GDM cases were diagnosed based on a 2-hour OGTT blood glucose level of ≥7.8 mmol/L; none had a fasting blood glucose level of ≥7.0 mmol/L ( Table  2 ). The remaining 351 women did not develop GDM. The GDM prevalence was 32.5%. No woman underwent preterm delivery before OGTT. There was no difference in baseline characteristics between those excluded (eg defaulter and decliner) and those included in the analysis. The majority (n=167; 98.8%) of women with GDM were managed with diet alone. Only two (1.2%) required insulin.
The maternal characteristics of the women with and without GDM are shown in Table 3 . Compared with the non-GDM group, women in the GDM group were significantly older (34 vs 32 years), had a higher parity (1 vs 0) and a higher BMI (22.5 vs 21.3 kg/m 2 ). They were also more likely to have conceived with assisted reproductive technology and to have a family history of DM and a history of GDM. The two groups did not differ in terms of PAPP-A MoM (P=0.40) or free β-HCG MoM (P=0.29), however.
Compared with the non-GDM group, women with an early diagnosis of GDM had a nonsignificant reduction in PAPP-A MoM (median, interquartile range: 0.86, 0.57-1.23 vs 0.99, 0.67-1.44; P=0.11). There was also a non-significant reduction in PAPP-A MoM (median, interquartile range: 0.86, 0.57-1.23 vs 1.02, 0.72-1.61; P=0.07) in the women with early-onset GDM compared with those who had late-onset GDM (their early OGTT result was normal but subsequent routine OGTT result at 28 weeks was abnormal). Only two women with GDM required insulin treatment: their PAPP-A MoM was 0.54 and 0.78, which was low when compared with that of women with GDM who did not require insulin treatment or with the non-GDM group.
In this study, 308 (59.2%) women were nulliparous. Among them, GDM was diagnosed in 83 women. Compared with the non-GDM group, nulliparous women with GDM had no significant change in PAPP-A MoM (median, interquartile range: 0.92, 0.63-1.27 vs 1.0, 0.72-1.46; P=0.08).
Although univariate analysis showed that the women with and without GDM did not differ significantly in PAPP-A MoM, it is possible that an association between GDM and PAPP-A MoM was obscured by confounding variables. To identify potential confounding variables, Spearman's rho correlation coefficient analysis was performed (Table 4) . It revealed that PAPP-A MoM did not correlate with maternal age, height, parity, or NT. There was a significant but weak correlation between PAPP-A MoM and free β-HCG MoM (r=0.2).
Since univariate analysis showed that free β-HCG MoM was not associated with GDM (P=0.29), its confounding effect would be minimal. Thus, an association between GDM and PAPP-A MoM was not detected. Our study showed that with maternal risk factor screening strategies, only 157 (30.2%) women would undergo OGTT (Fig). If we screened at-risk women by early OGTT alone, only 43 (25.4%) cases of GDM would be identified. On the other hand, if we subjected at-risk women to early OGTT followed by 28-week OGTT for those who had a normal early OGTT, 83 (49.1%) cases of GDM would be identified.
Although we lacked 1-hour data, we tried to determine whether PAPP-A was associated with GDM based on new diagnostic criteria from the American Diabetes Association (ADA), the International Association of Diabetes and Pregnancy Study Groups (IADPSG), 24 and WHO 2013. 25 A total of 23 women in whom GDM was diagnosed during early pregnancy based on WHO 1999 criteria (but normal by WHO 2013 criteria) did not undergo a second OGTT and were excluded from analysis. The 
Discussion
The present study showed that Chinese women with GDM did not exhibit a significant change in PAPP-A MoM during the first trimester. Women with early-onset GDM had a non-significant decrease in PAPP-A MoM when compared with non-GDM women or women with late-onset GDM. Nevertheless, first-trimester PAPP-A MoM was not a useful predictor for development of GDM or earlyonset GDM. This is consistent with the results of three other studies 18, 26, 27 but contradicts others. 8, 9, 11, 23, 28, 29 These published series are summarised in Table  5 . 8, 9, 11, 18, 23, [26] [27] [28] [29] There are several possible explanations for the different results of these studies, including ours. First, the studies differed in the selection criteria used to determine when OGTT should be performed, which in turn would target a different study population: some women were tested on the basis of GDM risk factors, 23 some when the women had an abnormal random blood glucose level 11, 18 or 50-mg glucose challenge test, 9, 28 others as a universal screening test as in our study. 8, 27 Second, the studies differed in terms of the OGTT method (75-g 2 hours, 100-g 3 hours, 100-g 2 hours) and diagnostic criteria. Tran et al 30 showed that GDM varied substantially in the same population by different diagnostic criteria: 5.9% ADA, 20.4% IADPSG, and 24.3% WHO 1999.
Third, the studies may differ in GDM severity, as reflected by the proportion of women with GDM who required insulin treatment. Women with GDM who require insulin may have a more severe type of GDM or undiagnosed pre-existing DM. Lovati et al 8 showed that women with GDM had a significantly lower PAPP-A MoM if they received insulin therapy than women with GDM who were managed by diet (0.56 vs 0.76 MoM; P<0.001). Beneventi et al 29 showed a similar result that PAPP-A MoM was significantly lower in GDM managed with insulin treatment than GDM without (0.87 vs 1.11 MoM; P=0.031). These studies showed that insulin-dependent GDM was more strongly correlated with lower PAPP-A MoM. There were, however, only two (1.2%) women with GDM in our study who required insulin, a much lower frequency compared with other study populations (12%-100%). 8, 9, 11, 18, 23, [26] [27] [28] [29] Although both women had a lower PAPP-A MoM than women with non-insulin-treated GDM or non-GDM group, such a small proportion is insufficient to determine whether PAPP-A MoM differs significantly between women with insulin-treated GDM and non-insulintreated women with GDM. The low frequency of insulin treatment in our study population may imply that the majority of affected Chinese women had mild GDM and may also explain why our study population did not exhibit changes in PAPP-A MoM during the first trimester.
Fourth, it is known that PAPP-A and free β-HCG are influenced by other maternal or pregnancy variables such as gestational age, 11 maternal weight, 9, 28 and smoking. 26 Corrections for these variables were taken into account when calculating the MoM of PAPP-A and free β-HCG. While different laboratories may have corrected the MoM of PAPP-A and free β-HCG differently using maternal or pregnancy variables, this may have introduced bias in the assessment of the association between these biochemical markers and GDM.
The HAPO study led to considerable debate about the definition of GDM. 6, 31 As a result, ADA, IADPSG, 24 and WHO 2013 25 have recently suggested that GDM is diagnosed on the basis of 75-g OGTT and fasting, 1-hour, or 2-hour glucose levels of ≥5.1, ≥10.0, and ≥8.5 mmol/L as the threshold, respectively. Since we had the fasting and 2-hour glucose data (1-hour glucose data were not available), we reclassified our patients with GDM accordingly. After reclassification, PAPP-A and free β-HCG MoM in women with GDM did not differ to that of women without GDM. Our reclassification had limitations, however. A total of 23 women who were diagnosed with GDM during early pregnancy using old WHO 1999 criteria (but normal by WHO 2013 criteria) did not undergo second OGTT so it is unknown whether their results of a second OGTT would be normal or diagnosed as GDM based on the new WHO criteria. Further studies that employ the new diagnostic criteria for GDM are warranted to explore the potential of using first-trimester biochemical markers to predict GDM.
During pregnancy, PAPP-A is produced by trophoblasts and is detectable in maternal blood 28 days after conception. An experimental model found that PAPP-A was a protease of insulin growth factor binding protein 4, regulating the activity of insulinlike growth factor (IGF). 32 This may be a plausible explanation for the association between PAPP-A and glycaemic control because the IGF axis is involved in glycaemic control. Human studies, however, have not provided clear evidence for a metabolic or biochemical mechanism that can explain a putative association between first-trimester PAPP-A levels and GDM. In one study, non-pregnant individuals with type 2 DM were found to have lower PAPP-A levels than non-diabetic controls, PAPP-A levels correlated inversely with HbA1c levels (r= −0.2; P=0.03). 19 Another study failed to detect this correlation in pregnant women with insulin-dependent DM. 17 Similarly, we identified no correlation between PAPP-A and HbA1c levels in women with GDM. These observations suggest that PAPP-A may not be useful for assessing or predicting glycaemic control in women with GDM due to the relatively short duration of women's exposure to GDM that is confined to the latter part of pregnancy. This is particularly so in Chinese as the majority of affected women, as we have demonstrated, have mild disease only. To our knowledge, our study is the first to address this issue in women with GDM.
Different tools to assess risk of GDM have been proposed and most have found that previous GDM is the best predictor of subsequent GDM. 33 In our population, the majority of women (59.2%) were nulliparous. We tried to investigate whether PAPP-A would be a possible predictor in this group of women. Our study showed that in nulliparous women with GDM, first-trimester PAPP-A MoM did not differ to that of women without GDM.
There is much debate about the screening strategies for GDM. Jensen et al 34 found that risk factor-based screening was as effective as universal screening: those not identified on risk factor screening were negligible compared with the high number successfully identified. However, this may not be the case with Chinese women whose ethnicity places them at risk of GDM. [35] [36] [37] Our study showed that with maternal clinical risk factor-based screening, less than one third of our population would undergo OGTT and about half of the GDM cases would be missed. Provided resources are available, universal screening should be considered in Chinese women.
Our study, which was based on universal screening, showed a high prevalence of GDM (32.5%). This prevalence was much higher than that of a study conducted by Ko et al 3 in the early 1990s (14.2%). It was also higher than the HAPO study cohort in [2000] [2001] [2002] [2003] [2004] [2005] [2006] 38 that reported a prevalence of GDM in Hong Kong of 14.4%. It is worth investigating this change in the trend of GDM prevalence in Hong Kong that may be due to increasing maternal obesity, adoption of a westernised diet and lifestyle, genetic shift, or other unknown factors. Some authors have proposed that with the new GDM diagnostic criteria, the prevalence of GDM may increase further. 23 This may not be the case in Chinese, however. The HAPO study 38 found that in Hong Kong, a higher proportion (29%) of GDM was diagnosed based on a raised 2-hour glucose level than in other countries (6%-19%). Our study concurred with the HAPO study: all women diagnosed with GDM (WHO 1999) had a raised 2-hour glucose level only (Table  2) . With the raised 2-hour glucose cut-off value in the new WHO diagnostic criteria (from ≥7.8 to ≥8.5 mmol/L), the prevalence of GDM in Chinese may not be raised. Our figure of reclassifying GDM using new diagnostic criteria without 1 hour did show a reduction in GDM prevalence. Further study using the full WHO 2013 diagnostic criteria to assess the prevalence of GDM in Chinese is warranted. Departmental resources and limited manpower did not allow us to use the new WHO 2013 diagnostic criteria. Moreover, possible selection bias (eg defaulters and decliners) and possible confounding factors were not taken into account in the present study. Nevertheless all women in our study underwent routine OGTT to identify GDM, covering both low-and high-risk groups, whereas other studies were more likely to focus only on a high-risk group. Some previous studies 11, 15, 18 have also included women with pre-existing DM.
This was the first study to assess the association between first-trimester PAPP-A levels and GDM in a Chinese population. It showed that the vast majority of Chinese women with GDM did not require insulin nor exhibit significant change in PAPP-A MoM during the first trimester. First-trimester PAPP-A MoM was not a useful predictor for development of GDM. A correlation between PAPP-A and HbA1c levels was not observed. Our study showed a high prevalence of GDM at 32.5%, which is higher than that in previous studies.
